Upregulation of smooth muscle cell collagen production by homocysteine-insight into the pathogenesis of homocystinuria.
Patients with untreated homocystinuria have widespread premature atherosclerosis with intimal thickening and collagen-rich, fibrous plaques. We previously demonstrated that homocysteine (Hcy) upregulates collagen synthesis and accumulation by arterial smooth muscle cells (SMCs) [A. Majors, L.A. Ehrhart, E.H. Pezacka, Arterioscler. Thromb. Vasc. Biol. 17 (1997) 2074-2081] but the underlying mechanisms are not known. Since many of the effects of Hcy on intact vessels and vascular cells are thought to involve reactive oxygen species generated from Hcy oxidation, we investigated the role of reactive oxygen species in the upregulation of collagen production by Hcy. Treatment of SMCs with 300 microM l-Hcy increased collagen accumulation 2-3-fold. When added to culture medium containing serum, the exogenous Hcy was rapidly oxidized with a half-life of approximately 1 h but only very low amounts of H(2)O(2) (up to 2 microM) were detected. Three lines of evidence demonstrate that the increased accumulation of collagen was not mediated by reactive oxygen species generated from Hcy oxidation: (1) catalase in the medium did not block the accumulation of collagen in Hcy-treated cultures; (2) the addition of xanthine/xanthine oxidase, a system that generates superoxide and H(2)O(2), did not increase collagen accumulation; and (3) the direct addition of H(2)O(2) did not substantially enhance collagen accumulation. In contrast, heparin, a potent modulator of SMC function, significantly blocked the accumulation of collagen in Hcy-treated cultures. Together, these results demonstrate that the increase in collagen accumulation in Hcy-treated cultures involves alternate mechanisms not involving H(2)O(2).